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PENETRATION OF CATIONIC SURFACTANTS INTO SKIN*
IRVIN H. BLANK, PH.D., EDITH GOULD, A.B. AND ANN THEOBALD, A.B.
Unlike anionic surfactants, cationic surfactants
are seldom used as detergents or as emulsifying
agents in products designed to come in contact
with the skin. Not infrequently, however, they
are used as topical antibacterial agents. These
substances probably rarely cause allergic eczem-
atous contact dermatitis in man, but they may
act as primary irritants of the skin and mucous
membranes (1). In order to cause cutaneous ir-
ritation, they must first penetrate into the skin.
This paper describes a study of percutaneous
penetration by benzalkonium chloride, a cationic
surfactant commonly used as an antibacterial
agent.
In an investigation of the penetration of
anionic surfactants into skin, Blank and Gould
(2) have found that little, if any, of the synthetic
anionic surfactants studied penetrates through
the epidermis as long as the natural epidermal
barrier remains intact. A comparable study of the
penetration of cationic surfactants has had to be
postponed until there became available a satis-
factory method for quantitative determination
of microamounts of these substances in the pres-
ence of large amounts of protein. A method has
now been developed, which unfortunately has
some limitations but nevertheless has made
possible this investigation of the effect of various
factors on the penetration of benzalkonium chlo-
ride into excised human skin.
METHOD
In a previously described method for the deter-
mination of anionic surfactants (3), an extractant
was formulated which quantitatively removes
microamounts of surfactant from large amounts
of proteins. In that method, the surfactant is al-
lowed to combine after extraction with a cationic
dye; the dye-surfactant complex is then quantita-
tively eluted into benzene and the final color de-
termined spectrophotometrically.
A similar method has now been developed for
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the determination of cationic surfactants; in this
method, a somewhat different extractant is used
with an anionic dye. For determination of cationic
surfactants, the alkali is omitted from the extrac-
tant in order to lessen protein-binding of the cat-
ionic surfactant which is pH dependent and is
greatest at a high pH. The extractant, AE (ace-
tone-electrolyte), is prepared by dissolving 2 gm
of magnesium sulfate (MgSO47 H20) in 400 ml
distilled water and then adding acetone to make 1
liter. Some of the magnesium sulfate crystallizes
from the solution, but this does not interfere with
the test.
Pieces of the dermis of experimental skin into
which surfactant has penetrated, are minced with
scissors and placed in 25 x 100 mm test tubes.
Twenty milliliters of the extractant are then added
and the tubes covered with parafilm, agitated and
allowed to stand at room temperature for 18 to 24
hours. At the end of this extraction period, the
tube is centrifuged at 2,200 g for 15 minutes at
room temperature. The resulting supernatant is
then used for the spectrophotometric test.
The following reagents are needed for the color-
imetric determination of cationic surf actants:
Buffer, pH 6.6
430 ml 0.1 M citric acid
570 ml 0.2 M disodium hydrogen phosphate
Buffered Water, pH 6.0
200 ml buffer, pH 5.5
800 ml distilled water
25 ml 0.1 M hydrochloric acid
Eosin Stock Solution
346 mg Eosin Y, 0.1. No. 45380 (old 0.1. No.
768)
100 ml distilled water
Before use, this stock solution is diluted 1:9
with distilled water approximately every
two weeks. This dilute solution becomes
somewhat turbid after that length of time.
Spectrophotometric Test
A 5 ml aliquot of the AE supernatant from the
dermal extraction is placed in a 25 ml glass-stop-
pered test tube; or a smaller amount to which AE
is added to make 5 ml may be used. Five milliliters
of the buffer, 1 ml of the dilute eosin solution and
2 ml of 99 per cent isopropanol are added, and the
mixture is shaken. Exactly 5 ml of pure benzene
are pipetted into this aqueous mixture, the tube is
vigorously shaken for 15—20 seconds, and then al-
lowed to stand for 15 minutes. Clearing takes place
rapidly, and at the end of this interval, exactly 6
ml of the organic (upper) phase are pip etted into a
clean 25 ml glass-stoppered test tube which al-
ready contains 10 ml of buffered water. This test
tube is shaken vigorously for 15 seconds, then al-
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lowed to stand for 5 minutes. The rose-colored or-
gathc phase is then pipetted into a small centrifuge
tube and centrifuged for 5 minutes at high speed in
an angle-head Safeguard centrifuge (Clay Adams
Company). After being decanted into a 12 x 75
mm Coleman round cuvette, the solution is al-
lowed to stand for 30 minutes and its optical den-
sity is then determined in a Coleman Junior spec-
trophotometer, model 6A. Optimal absorption is
at wavelength 530 mp when benzene is used as the
reference blank. The color remains stable for 1
hour or longer. The standard curve is linear in the
range from S to 35 pg benzalkonium chloride.
The reproducibility of this test is not as good as
might be desired. The results of analyses of differ-
ent aliquots of a given AE solution of cationic sur-
factant may differ by as much as 15 per cent. Since
in drawing conclusions from the data obtained, the
authors have been concerned only with differences
of considerably greater magnitude than this, they
have been willing to employ this test. They are
attempting, however, to improve the test.
RESULTS
Concentration, Time and Temperature
In the preparations commonly used as topical
antiseptics, the concentration of benzalkonium
chloride is one part in 750 (1.33 parts per 1,000).
The concentration used in most of the experi-
ments reported here was 1.7 parts per 1,000. This
is a 0.005 M solution if 340 is used as an approxi-
mate average molecular weight of benzalkonium
chloride. This molarity is the same as that used in
most of the experiments in a study of the penetra-
tion of anionic surfactants previously reported
(2). The technic described by Blank et al. (4) for
the measurement of penetration into excised
human skin was used in this study.
No measurable amounts of benzalkonium
chloride could be found in the dermis of excised
skin the epidermis of which had been in contact
with 0.005 M aqueous unbuffered benzalkonium
chloride for 20—24 hours at room temperature
(20—23° C). Moreover, none was found in the
dermis when the concentration was increased
twenty-fold, the duration of contact tripled, or
the temperature raised to 35° C.
Hydrogen Ion Concentration
In the experiments on the effect of time, tem-
perature and concentration on the penetration
of buffered benzalkonium chloride, the pH of the
solutions varied from 5.9 to 6.8 after contact
with the skin. Since variations in pH might affect
penetration, a series of experiments was carried
out with carefully buffered preparations. The
addition of strongly dissociated hydrochloric acid
should decrease the dissociation of benza]konium
chloride. Also, the ability of benzalkonium chlo-
ride to combine with proteins is reduced when the
pH of the solutions is low. Because an acid buff-
ered solution contains relatively large amounts
of undissociated benzalkonium chloride that will
not bind tightly to cutaneous proteins, one might
expect it to show maximum penetration. No
measurable penetration of benzalkonium chloride
could be detected, however, after solutions buff-
ered to a pH as low as 1.3 had been in contact
with the skin overnight (20—24 hours).
When the benzalkonium chloride solutions
were alkalinized by the addition of varying
amounts of trisodium phosphate penetration
seldom occurred until the pH exceeded 10.5.
Within the pH range between 10.5 and 12.0 the
amount of benzalkonium chloride recovered from
the dermis usually varied from 30 to 510
mLmoles/sq cm.; in an occasional experiment,
however, none could be detected.
After the skin had been in contact with sur-
factant solutions of high alkalinity, its electrical
conductivity was found to be greatly increased.
The authors interpret this increase in electrical
conductivity as evidence that the cutaneous
barrier has been damaged. The damaged barrier
might then allow benzalkonium chloride to pene-
trate from a non-alkaline solution, a solution from
which penetration does not normally occur. To
obtain evidence in support of this hypothesis,
experiments were carried out in which pieces of
excised skin were "pre-treated" by 24-hour ex-
posure of the epidermal surface to solutions of
Na3PO4 of different concentrations (0.005 IVI to
0.02 M), rinsed with distilled water, and then
placed in contact with 0.005 M aqueous benzal-
konium chloride (pH 6.0). This pretreatment with
Na3PO4 caused a large increase in electrical
conductivity. Whenever the pH of the Na3PO4
solution remained above 11.0 at the end of its
contact with the skin, subsequent contact with
the surfactant for 22 hours at room temperature
resulted in penetration of benzalkonium chloride
into the dermis in amounts ranging from 30 to
270 mLmoles/sq cm. Thus, it appears that alkali
can so damage the barrier that benzalkonium
chloride is able to penetrate into the dermis even
though "alkalinization" increases the ionization
of the benzalkonium chloride as well as its
capacity to bind with proteins of the stratum
corneum.
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TABLE I
Effect of stripping with pressure-sensitive tape on
the permeability of excised human skin to
aqueous 0.005 M benzalkonium chloride
The figures show the ranges obtained from
multiple experiments.
Number of
Strippings
Electrical Conduc-
tivity at 1 Volt
(Microamperes)
Benzalkonium Chloride
(mpmoles/Sq
Cm Dermis)
0
5
10
15-20
0.5—4
0.5—6
12—25
600-1000
0
0
0
650—1560
* Calculated from an estimated average molecu-
lar weight of 340 for benzalkonium chloride.
Removal of the Stratum Corneum
The stratum corneum may be removed by
successive strippings with pressure-sensitive tape.
It is impossible, however, to remove a uniform
amount in this way because the cutaneous sur-
face is irregular. In working with skin which has
been stripped, it is important to realize that the
part of the stratum corneum which is not removed
may have been mechanically damaged by the
tension of the skin during the stripping process.
The influence of stripping on the subsequent
penetration of benzalkonium chloride can be
demonstrated by comparing the amount of pene-
tration through stripped skin with the amount
of penetration through control specimens (un-
stripped). Table I shows the amount of penetration
from 0.005 M aqueous benzalkonium chloride
through pieces of skin which have been stripped
a varying number of times and through control
specimens. No measurable amount of surfactant
reaches the dermis after overnight contact unless
the skin has been stripped more than 10 times.
Table I also shows the degree of damnge to the
epidermal barrier as it is indicated by changes in
the electrical conductivity of the skin after strip-
ping, but before contact with the surfactant solu-
tion. In these experiments, there was a gradual
increase in conductivity during the first 10 strip-
ings; no large increase was evident, however, until
there had been more than 10 strippings. Even
after 20 strippings, histological examination of
the various specimens showed that only stratum
corneum had been removed. The remaining por-
tion of the epidermis did not offer major resistance
to penetration of the surfactant.
Effect of Lipid Solvents
Although the lipid film normally present on the
cutaneous surface may offer a certain amount of
resistance to the penetration of water and sur-
factants, removal of this film is not followed by
free movement of water through the skin (5) or
by increased penetration of anionic surfactants
(2). Benzalkonium chloride does not penetrate
into the dermis of excised human skin from which
the surface lipid film has been removed by gentle
swabbing with alcohol, acetone or a mixture of
ethyl alcohol and ethyl ether (1:9). Much more
rigorous treatment of the skin with these organic
solvents, as described in the following experiments,
does alter the effectiveness of the epidermis as a
barrier.
Pieces of excised skin were allowed to remain
in the above-mentioned lipid solvents for 3 days
at room temperature. On removal from a solvent,
each specimen was held in about 800 ml of water
for 5-6 hours, during which time the water was
changed several times. The specimen was placed
on a diffusion chamber so that its permeability
to 0.005 M aqueous benzalkonium chloride at
room temperature might subsequently be deter-
mined. Table II shows the results of such experi-
ments. The amount of damage to the barrier
varied greatly from test to test with any given
solvent, and in occasional instances the solvent
even appeared to have done little or no damage.
The data obtained, however, seem to indicate
TABLE 2
Effect of pretreatment* with lipid solvents on the
permeability of excised human skin to aqueous
0.005 M benzalkoniuni chloride
The figures show the ranges obtained from
multiple experiments.
o yen
Benzalkonium
Chloride
(mpmolest/
Sq Cm Dermis)
Ethanol, 95%
Acetone, 100%
Ethanol-ethyl ether (1:9)
18-112
50—370
45—1350
* Complete immersion in approximately 500 ml
of the solvent for 65—92 hours, usually 65 hours,
with subsequent immersion in distilled water for
6—8 hours.
t Calculated from an estimated average molecu-
lar weight of 340 for benzalkonium chloride.
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that the ethanol-ethyl ether mixture is more in-
jurious than acetone or ethanol alone.
DiSCUSSiON AN]) CONCLUSIONS
From unbuffered aqueous solutions of benzal-
konium chloride ranging in concentration from
0.005 M to 0.1 M, no measurable amount of the
surfactant penetrates into the dermis of excised
human skin within periods of 1 to 3 days at
temperatures between 23 and 35° 0.
In acid solutions, cationic surfactants are held
less tightly by cutaneous proteins than in alkaline
solutions. Also in acid solutions cationic surfac-
tants are less dissociated. Both of these conditions
would favor penetration. Nevertheless, little or
no cationic surfactant is able to penetrate to the
dermis of normal excised human skin from acid
solutions.
In spite of whatever protein binding or disso-
ciation occurs in alkaline solution, measurable
penetration does occur when the pH exceeds 11.0.
The authors believe that this penetration follows
damage to the epidermal barrier by the alkaline
solution. Penetration of cationic surfactants also
occurs when the barrier has been damaged by
stripping with pressure-sensitive tape or by im-
mersion of the skin in lipid solvents.
The cationic surfactants have good water-
solubility and limited lipid-solubility. Normal,
undamaged, human skin appears to have a limited
number of continuous aqueous pathways through
which strongly water-soluble substances might
easily diffuse.
Since normal skin appears to be relatively im-
permeable to cationic surfactants, it is not easy
to understand how these materials can irritate
the skin when they are topically applied. Possibly
they evoke irritation only when the epidermal
barrier has been previously damaged or when they
are placed on the skin in a solvent other than
water.
SUMMARY
The cationic Surfactant, benzalkonium chlo-
ride, like the synthetic anionic surfactants pre-
viously studied, is able to penetrate little, if at all,
into normal, excised, human skin. The mechanism
which prevents or retards penetration is not yet
definitely understood. Benzalkonium chloride
does penetrate, however, if the protective layer
of the skin has been damaged by alkali, by lipid
solvents, or by stripping with pressure-sensitive
tape.
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